Introduction
It is well-known that Guinier-Preston (GP) zones found as the origin of the precipitation hardening of Al-Cu alloys by Guinier 1) and Preston 2) are composed of Cu mono-layers parallel to {100} planes of the FCC Al-matrix. The precipitates of Cu mono-layers, called GP-I zone, transform to 0 and (CuAl 2 , stable phase) phases through GP-II zones consisting of Cu mono-layers separated by three Al layers. 3, 4) Since the last several years, it has been widely demonstrated that the formation of GP-zones as well as their microstructural modification also occur in various precipitation hardened Mg-based alloys having the hexagonal close packed (HCP) matrix. [5] [6] [7] [8] [9] Recently, Nishijima et al. reported on the GP-zones precipitated in an Mg-Gd-Zn alloy. 9) According to their results, the GP-zones are formed in an Mg 97 Gd 2 Zn 1 alloy, when it is annealed at 200 C for 150 h after quenching from 520 C in water, co-existing with other precipitates ( 0 and 1 phases). In addition, the GP-zone is composed of two (Gd, Zn)-rich layers separated by an Mg layer parallel to close-packed planes of the HCP Mg-matrix, and (Gd, Zn) atoms are located at ordered positions in the (Gd, Zn)-rich layers with an atomic ratio of Mg 2 (Gd, Zn). The microstructure of 0 and 1 precipitates in the Mg 97 Gd 2 Zn 1 alloy is similar to that in an Mg 95 Gd 5 alloy. 10, 11) In consideration of all these results, it is highly probable that the formation of GP-zone in this alloy system is attributed to the addition of Zn element, but this has not been experimentally demonstrated yet. In the present work, we have made thorough investigations on the microstructure for Mg-Gd-Zn alloys with different compositions to reveal the stabilization condition of the GP-zones. induction heating under an Ar gas in carbon crucibles. The alloys were quenched in water after annealing at 520 C for 2 h and then aged at 200 C for various times. Specimens for transmission electron microscopy were cut from the aged samples and thinned by mechanical polishing, and finally by ion-milling. HRTEM observations were performed in a 400 kV electron microscope (JEM-4000EX), having a point resolution of 0.17 nm. precipitates in Gd-rich Mg-Gd-Zn alloys is consistent with the fact that the 0 precipitates are formed in binary Mg-Gd alloys, 10, 11) and consequently the GP-zones are stabilized by the addition of Zn element and the 0 precipitates disappear with the addition of Zn element with less than Gd/Zn = 1.5.
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* Corresponding author, E-mail: ksaito@ipc.akita-u.ac.jp C for 100 h, which were taken with the incident beam perpendicular to c-axis of the Mg-matrix in two different magnifications. Sharp line contrasts perpendicular to the c-axis in Fig. 2(a) correspond to planar GP-zones being parallel to close-packed planes of the Mg-matrix. Most of the GP-zones with 50-100 nm lengths are isolated and independently distributed, but a few double GP-zones with an interval of about 1:5 nm ¼ 3c (c is a lattice constant of the HCP Mg structure) are observed, as indicated by arrows in Fig. 2(a) . Figure 2 In the image, pairs of dark dots with an interval of a 2d 002 spacing of the HCP Mg lattice are periodically arranged with an interval of a 3d 110 spacing. The feature of this HRTEM image contrast of the GP-zones was already observed for the GP-zones of an Mg 97 Gd 2 Zn 1 alloy and can be well understood by the structure model proposed by Nishijima et al. In the pattern, one can see diffuse streaks being similar to those in Fig. 1(d) , but the diffuse streaks in Fig. 3 have discrete contrasts with intensity maximums at the positions indicated by arrows. The maximum intensities with an approximate interval of one-sixth of the distance between 000 and 002 reflections show the existence of some correlation of planar GP-zones along the normal direction to the GP-planes. Figure 4 is an HRTEM image of the Mg 97:5 Gd 1:5 Zn 1 alloys annealed at 200 C for 200 h, which is taken with the incident beam perpendicular to the c-axis. In Fig. 4 , one can see bandshaped GP-zones formed by sequential stacks of 2-5 planar GP-zones with definite intervals, the majority of which is 3c and intervals of 7c=2 are sometimes observed, as can be seen in the enlarged image inserted. The appearance of the bandshaped GP-zones of some sequential stacks with an interval of 3c is consistent with diffuse reflections having intensity maximums with an approximate interval of one-sixth of the distance between 000 and 002 reflections. It is deduced from Figs. 2 and 4 that the GP-zones precipitated in the Mg 97:5 Gd 1:5 Zn 1 alloy have variable microstructures with an advance of aging, beginning as monolayer-zones via doublelayer zones and finally developing into multilayer-zones with definite intervals. According to the classical nomenclature for the GP-zone in Al-Cu alloys, 2, 3) the planar GP-zones observed in the present Mg alloys annealed at 200 C for 100 h, which are characterized by the isolated distribution, may be classified as GP-I, and the multilayer GP-zones in the alloys annealed for 200 h are GP-II. It is worthwhile emphasizing here that the addition of Zn atoms has a substantial effect on the precipitation behaviour of MgGd-Zn alloys. Apparently, the GP-zones could be highly stabilized to become dominant precipitates in the alloys when the Gd/Zn ratio ranges between 1 and 1.5. When the addition of Zn is so decreased that the Gd/Zn ratio is equal to 2, it follows that the GP-zones and the 0 precipitates coexist. If the addition of Zn is further decreased, the 0 precipitates are likely to become dominant instead of the GP-zones, as was evident from the case for Mg-Gd binary alloys. 
